Introduction
Extracellular Vesicles (EVs) are lipid membrane vesicles secreted by most studied cells and are involved in cell-to-cell communication, being able to convey messages to recipient cells by transfer of proteins, lipids and nucleic acids [1] [7] . Furthermore, EVs are found to play key roles when studied in relation to physiology, oncology as well as immunology [8] [9] [10] [11] [12] . When EV morphology is studied with cryo-electron microscopy (cryo-EM), most vesicles are round, but they can also have multiple other shapes [13] [14] [15] [16] [17] . A small subpopulation of extracellular vesicles also contain filamentous structures that are very reminiscent of polymerized actin [13] [17] . Actin has also been found in multiple mass-spectrometric analysis of the EV proteome, as is evident in the database EVpedia [18] . As actin is a part of the cellular cytoskeleton crucial for cellular motility [19] , we hypothesized that if EVs contain actin, they might also have the capacity to move. In this report, we present several observations showing that vesicles can take on shapes which are not energetically favorable (elongated), and that the induced shape is not permanent, but rather flexible and/or reversible.
Objective
Our objective was to evaluate if EV have the ability to change shape and/or move. 
Results & Discussion
Cryo-EM showed tubular vesicles in EVs isolated from human ejaculate (Fig. 1A-B ) and in exosomes isolated from a human mast cell (HMC-1) culture (Fig. 1C) . Some are seen to contain internal filamentous structures that follow their same elongation direction ( Fig. 1A-C ; green arrows). However, some large tubules with elongated shapes are void of filamentous structures ( Fig. 1B; white arrow) . The length of the filamentous tubular vesicles was quantified in human ejaculates, where the most instances of tubular filamentous structures were observed. They were larger than the average EV with a size of 1370±420 nm (n=18; Fig. 1D ) [16] . The observation that vesicles can obtain an elongated morphology as well as contain luminal filaments prompted further investigation into the potential motility of this subcategory of EV's. EVs were isolated either by centrifugation at 16500 × g (usually called microvesicles) or 118000 × g (usually called exosomes) from several sources. The vesicular nature of these preparations was both assessed with thin-section electron microscopy and flow cytometry to confirm the presence of the common EV markers CD9, CD63 and CD81 on vesicles derived from HMC1 cells (Suppl. Fig. 1 and 2 ). EVs from all sources were allowed to settle onto glass bottom dishes, and were fluorescently stained before being visualized with epifluorescence microscopy. When examined in this manner, most EVs were static, non-moving fluorescent structures. However, time-lapse series revealed that a small fraction of these vesicles, larger than the average EV, and in a similar size range of the tubules measured in figure  1D , could undergo morphological changes ( (Fig. 1J and Suppl. Video 6). Furthermore, morphological change was also observed in a microvesicle preparation from cell culture of the budding yeast Sacchaomyces cerevisiae (Fig. 1K and Suppl. Video 7) which further supported that this phenomenon is evolutionary conserved. Several different modes of EV movements were observed. Most of the morphological changes seemed to be of the nature where an elongated structure rounds up and shifts into a round structure (e.g. Fig. 1E ). Another movement consisted in what appeared as a smaller vesicle moving inside a larger, stationary, vesicle (Fig. 1F) . Some vesicles showed a motility where it appears that a smaller vesicle, or a bulge on the vesicle, glides along another vesicle (Fig. 1J) . Finally, in some instances vesicles stretch out flexible protrusions (Fig. 1G, H , and K), a sort of movement which likely requires energy. As morphological reshaping can be observed in EVs isolated from multiple sources, it can be argued that this is a conserved function inherited to a portion of the EVs from the parent cell. Whether this is a function deliberately afforded to the vesicle or merely a stochastically acquired ability, is at this point unknown. Multiple factors have been proposed to regulate membrane curvature and thus also membrane shape, either individually or in concert with one another. Examples of such factors are membrane protein crowding, asymmetrical (conical-) lipid distribution, protein motif insertion (amphipathic helix), and BAR (Bin/Amphiphysin/Rvs) domains, to name a few [20] [25] . An alternative to the aforementioned factors is the presence of polymerized actin within the vesicles. The fashion by which the vesicles appear to lose an energetically demanding elongated structure and change to a round form could arguably be ascribed to the de-polymerization of cytoskeletal filaments, the de-attachment of stabilizing proteins or the dispersion of aggregated membrane proteins or lipids. The notion that actin is the driving force of the morphological change is strengthened by the presence of filaments which bare resemblance to polymerized actin within a subpopulation of vesicles, as visualized by cryo-EM. In addition, the length of the filamentous tubules seen in cryo-EM micrographs seem to match the perceived size of the shape-changing EVs observed in the wide field microscope. On the other hand, since EM reveals elongated vesicles that lack any filamentous structures, one can speculate that some of the non-actin factors can dictate EV membrane curvatures. The suggestion that EVs can attain forms other than round spheres has been shown by electron microscopy, and is generally accepted. Our observation that their shape is flexible is however novel, and the implications of this observation are intriguing. An EV with these properties could putatively engage multiple receptors on a recipient cell by their elongated shape, facilitating receptor crosslinking or delivering multiple signals at joint locations on a cell. As curvature has been proposed to play a role in the process of membrane fusion, one can also speculate that an increased curvature in the vesicles would promote this process and thus promote uptake of EV cargo by a target cell [26] . Therefore, an ability to change shape may alter the effectiveness of both signaling and uptake, and shape could be a regulator of these processes. Lastly, if extracellular vesicles contain actin filaments capable of polymerizing and depolymerizing, then these vesicles could have motile capabilities. This would grant them the ability to travel between cells without the need for any moving fluid nor the need of recipient cells to be motile themselves. The vesicles that elongated protrusions suggests that there is an energetically demanding process at play. It has previously been shown that vesicles attained from ejaculate have the capability to produce ATP, which is required for actin polymerization [27] . Speculatively, actin polymerization could also facilitate cell entry by forcing the vesicles through the cell membrane of a recipient cell, reminiscent of the way in which vaccinia virus can spread between cells [28] . Targeted delivery of an EV to a recipient cell would be a much more specific cellular communication tool than randomly releasing cellular messages inside vesicles to the extracellular space. Even though the observed events of EV shape-changes are relatively few in vitro, one might speculate that this is a more commonly occurring event in vivo, where conditions could be more favorable for such a phenomenon to occur. An environment rich in extracellular matrix, cells both near and far, and different chemical gradients and compositions could have profound effect on EVs carrying the machinery required for shape-change or intrinsic motility.
Conclusions
We report a novel feature of EVs, namely an ability to shape change. This is demonstrated across multiple samples and is thus indicative of a conserved function. Although having proposed a number of possible explanations, the mechanism underlying this shape change remains to be elucidated.
Limitations
The scarcity of the events described is a concern which either mirrors a true rate by which morphological changes occur in vesicles, or it is a consequence of the conditions in which the experiments were conducted, which may not be optimal for extracellular vesicle intrinsic motility. The former might be true since actin was observed in 1.3% of the total vesicles in human ejaculate (Cryo-EM, data not shown). By a rough estimate however there appears to be fewer EVs with shape changing capabilities than there are actin containing vesicles. Furthermore, a clear morphological distinction of the vesicles is made difficult by the inadequate resolution of the wide field microscope as well as the minute size of the vesicles themselves. Lastly, the lipophilic membrane dye used has at least two shortcomings: it bleaches quickly, making time series acquisition difficult, and it is theoretically also prone to forming micelles or aggregates which could be mistaken for vesicles. However, controls with only the dye, without vesicles, were performed and only limited fluorescence was detected. The machinery that allows for morphological changes of extracellular vesicles needs to be further analyzed, as well as the possible ability of these vesicles to move from one place to another. Elucidating which factors are necessary for morphological plasticity in the vesicles, or describing the subpopulation which has this plasticity, should take precedence, as this would aid further investigations into the biological role of this subpopulation of vesicles. If vesicles do have the capabilities to migrate then the factors dictating such behavior and the subsequent control of that can have vast implications for extracellular vesicle biology, and putatively for the therapeutic potential of EVs.
Additional Information
Methods and Supplementary Material Please see https://sciencematters.io/articles/201704000003.
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